The Protein Data Bank (PDB; http://www.pdb.org/) is the single worldwide archive of structural data of biological macromolecules. This paper describes the progress that has been made in validating all data in the PDB archive and in releasing a uniform archive for the community. We have now produced a collection of mmCIF data files for the PDB archive (ftp:// beta.rcsb.org/pub/pdb/uniformity/data/mmCIF/). A utility application that converts the mmCIF data files to the PDB format (called CIFTr) has also been released to provide support for existing software.
INTRODUCTION
The PDB is the single archive of biological macromolecular structures (1, 2) . From July 1, 2000 to June 30, 2001, a total of 3148 structures were deposited with the PDB. Full data processing of entries by the Research Collaboratory for Structural Bioinformatics (RCSB), including author revisions, averages <2 weeks. The number and complexity of the entries continues to increase. In 1999, 2670 structures were deposited containing 1 million residues; in 2000, 2995 structures were deposited containing 1.3 million residues. This is a 30% increase in residues per year.
The access and distribution of the archival data is through the primary Web site at UCSD and through mirrors located throughout the world ( Table 1) . The PDB receives an average of 115 000 hits per day on the primary Web site alone. As of September 19, 2001 , there are more than 16 000 structures in the PDB. The demographics of the current holdings are shown at http://www.rcsb.org/pdb/holdings.html.
Although we have continued to improve our query capabilities, the lack of uniform data, a result of the evolution of the format and content of the PDB over a 30 year period, necessarily limits our ability to provide reliable searches and the community's ability to perform quantitative science. In order to improve the querying capabilities of the PDB, we first addressed the uniformity of key data records for all entries in the PDB (3). Several records were targeted for this type of remediation: macromolecular names and synonyms, source organism, R-factor, resolution, enzyme names and classification, and primary citation. The results of record-wise uniformity processing are stored in the PDB relational database. This information is available as database output, in PDB reports and in Structure Explorer pages.
The practical effect of this type of data processing is that it makes queries on these records more reliable. For example, it is now possible to perform complex queries on enzymes and enzyme classes in a way that was not possible with the archival data. However, while this type of uniformity processing improves PDB queries, it does not produce improved files.
Changing an existing archive such as the PDB to comply with evolving data and nomenclature standards and imposing consistency constraints in data representation presents a variety of problems. Such changes, no matter how well 
DATA PROCESSING OF NEW ENTRIES
In order to provide the community with high quality data, the RCSB has developed a number of tools that support the deposition and processing of X-ray and NMR structures. For depositing structures, the integrated web-based user interface the AutoDep Input Tool (ADIT, http://deposit.pdb.org/adit/) takes data from an uploaded file and presents a Web-based editor to modify and make additions to an entry. Data processing involves checking various aspects of the structure and the data collected through ADIT. Deposited information is converted to mmCIF representation and is subsequently processed by PDB validation programs. Over the years, many programs and procedures have been developed to diagnose the errors in PDB files (4-7). These programs have allowed authors to detect errors and correct them prior to deposition in the PDB. The PDB has incorporated many of these methods and has developed a series of procedures to review and validate structures. A skilled annotator reviews the output of these validation checks. A distilled summary report of the validation diagnostics is forwarded to depositors. Since the author is the most knowledgeable about his/her own structure, the PDB collaborates with the author to help ensure that the structure that is ultimately released to the public is the best possible representation of the results of the experiment.
The PDB validation report summarizes results of the following checks: stereochemistry, close contacts in asymmetric unit and unit cell, occupancy, sequence in PDB SEQRES records and coordinates, distant waters, experimental data [SFCHECK (8) ], comparison with standard values (9) (10) (11) .
This validation software allows the user to check the format of coordinate and structure factor files and to perform a variety of validation tests on the structure prior to deposition in the PDB. These checks can be done independently by the user via the Validation Server on the Web at http://deposit.pdb.org/ validate/ or by downloading the software from http:// deposit.pdb.org/software/. The format precheck and validation steps are also optional steps of the ADIT deposition process.
REPROCESSING OF LEGACY FILES
In addressing uniformity issues with the legacy data, we have focused on formatting, nomenclature and sequence structure consistency. The decision to concentrate on these aspects is the result of many discussions with the community of PDB users. These modifications have been made very conservatively and do not change the coordinates of the structural model. To do this we have applied the software developed for primary data processing for the validation and standardization of the 8368 data files released into the archive prior to October 1998. The gain in efficiency in data processing has been largely transferable to the task of reprocessing legacy files. The combination of improved software and the experience gained from 3 years of primary processing has made it possible to attempt a more automated remediation of the legacy data in a batch mode. The classes of errors that have now been remediated are described in the following sections.
Sequence representation
The complete polymer sequence for the macromolecule under study is encoded in PDB SEQRES records as a list of threeletter residue codes. These records are intended to describe the full polymer sequence for the macromolecule or domain for which coordinates are deposited.
In comparing the legacy sequence data with data from sequence databases (12,13), cases were found in which the legacy sequence was incorrect. In most cases, these sequence errors reflect gaps in the model sequence or incompletely modeled residues where residues or side-chains were not experimentally observed. In all of these cases, the sequences were updated with the correct or missing residues. In some instances, two PDB chains were used to represent a single polymer with a residue gap. These sequences were consolidated into single PDB chains.
Sequence/coordinate mismatches
Sequence information can also be derived from PDB coordinate records. Since coordinate data may not be deposited for all of the residues in structure, the PDB SEQRES records are provided to define the full chemical sequence. Even though the coordinate records may not provide complete sequence information, the sequence information in the SEQRES and coordinate records should be consistent. We found 90 cases in the legacy data in which SEQRES and coordinate records were non-corresponding. The majority of these inconsistencies result from labeling residues in the coordinate records missing side-chains as alanines. Only four of the 90 cases could not be reconciled on the basis of a missing side chain.
Atom and ligand nomenclature
The most common problems found in the legacy data are related to the labeling of atoms and ligands. Atom nomenclature problems were found in 3311 (40%) of the legacy files. The labeling of terminal atoms was found to be the most common nomenclature error. Atoms adjacent to a gap of unobserved residues in continuous sequence were most commonly mislabeled as terminal atoms. All errors of this type were automatically corrected.
Labeling of ligand atoms and residues was the second most common nomenclature problem. Ligand atom names were standardized in software to the nomenclature used in the PDB ligand dictionary. This was accomplished by topology matching against the chemical descriptions in the dictionary. New ligand descriptions were created and added to the dictionary where necessary.
Another common nomenclature problem arises from the duplication of atom labels. Redundant atom labels were found in 636 legacy data files. This was most commonly the result of the mislabeling of alternate conformations. In a small number of cases, identical coordinate records were duplicated. All instances of duplicated atom records were resolved.
Stereochemical labeling
Perhaps the most serious class of errors in atom nomenclature is that related to stereochemistry. Errors in chirality were found in 549 legacy files. Only 255 of these cases could be resolved as errors in atom labeling; the remainder represents exceptions to current stereochemical conventions.
REVISITING RECENTLY PROCESSED ENTRIES
We also reviewed all the data that had been processed by the RCSB since October 1998. The re-validation of the 3150 files that we processed prior to January 2000 showed five entries with conflicts in sequence information between SEQRES and coordinate records, 162 errors in atom and ligand nomenclature, 19 duplicated atom labels, three errors in stereochemical labeling and 30 terminal atom labeling errors. The largest number of errors was related to ligand atom nomenclature. These resulted from changes in our ligand dictionary, which underwent significant correction and development during 1999. Any remaining errors were undetected by our software or were omissions in our annotation procedures during this period.
The results for files processed after January 2000 show further improvement. In this group of 3569 files, we found 31 errors in atom and ligand nomenclature, one duplicated atom label, three errors in stereochemical labeling and two terminal atom labeling errors. No sequence inconsistencies were detected. All of these errors were corrected and these corrections are described within each entry in the PDB revision records.
INTEGRATION AND DELIVERY OF UNIFIED DATA
The final step in this process was the integration of the results of record by record processing with the batch processing of all the entries in the archive. The results of the uniformity and data integration project are being delivered as a collection of mmCIF data files. The data items within these files are described in the PDB exchange data dictionary. This dictionary, which includes the data items in the standard mmCIF dictionary along with PDB extensions, is available at the PDB mmCIF Resource site (http://deposit.pdb.org/mmcif/).
The mmCIF data files are available on the PDB beta-ftp site for all legacy data and for current files deposited and processed with the PDB (ftp://beta.rcsb.org/pub/pdb/uniformity/data/ mmCIF/). The beta release of these data files is to allow users to evaluate and comment. PDB will continue to correct and improve the uniformity of these data in response to user input.
SUPPORT FOR THE PDB AND OTHER FORMATS
In recognition that many software applications require the PDB format, we have provided a software tool (CIFTr) that translates the mmCIF into PDB format. The tool provides options that permit users to select their particular nomenclature preference. For instance, it is possible to select between the nomenclature used when the file was originally released and the nomenclature resulting from uniformity processing. In the future, CIFTr will provide translation to other file formats such as XML.
CIFTr is available for download from http://deposit.pdb.org/ software/ for SGI, Linux, Alpha and SUN platforms.
THE FUTURE
With the mmCIFs from the data uniformity project as a base, we will now examine the data items that were not included in our initial uniformity project. In particular we will examine the details of experimental data collection and refinement that are currently embedded in unstructured REMARK records in the older PDB files. As much as possible we will attempt to extract information from the text of these remarks and populate the corresponding mmCIF data items.
We are now redesigning the underlying PDB core relational database to take advantage of the new uniform and selfconsistent data files. Owing to the greater internal consistency within the mmCIF datasets, the new database implementation will provide the ability to construct queries that span the range of structural detail from biological assembly to individual atoms.
Questions and comments about the PDB should be sent to info@rcsb.org.
